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ABSTRACT 
Sediments act as a "sink" for xenobiotics which can be accumulated by a 
variety of organisms and thereby enter the food chain contaminating fish, 
wildlife and humans. Although the chemical nature of these substances can be 
known by direct chemical analysis of the sediments, the significance of the 
contaminants and their bioavailability should be determined through bioassay 
techniques. A survey of the benthic macroinvertebrates of Lake Taylorville, a 
reservoir in central Illinois which is fed by two rivers that drain a primarily 
agricultural area, revealed a rather depauperate fauna. Subsequent studies were 
conducted in order to identify the underlying cause of the relatively low density 
and poor species diversity which were observed. Acute (survival) and chronic 
(life cycle) tests were conducted using Daphnia magna as a test organism in 
liquid phase elutriate. Acute tests were performed on neonates 
(< 24-hr-old) exposed to the elutriate for 96 hours, chronic tests were determined 
by 5-d-old D. magna exposed to elutriate for 15 days with change in the elutriate 
every 24 hours. No significant toxicity was observed in either test indicating that 
any toxic substances present are not water soluble. Bulk sediment toxicity tests 
were performed on Chironomid larvae in order to detect the presence of water 
insoluble substances that could be bound to sediment particles. Chironomid 
larvae of three size classes were exposed to the sediments for 48 hours. The acute 
tests however did not reveal any toxicity. A spiked sediment toxicity test using 
a commercial pesticide (Diazinon) demonstrated that the Chironomids used 
were sensitive to toxic chemicals. Although the macrobenthic studies showed a 
high Oligochaete to Chironomid ratio I have no evidence based on the data to 
indicate that the sediments have any toxic effects on organisms. If there are any 
toxicants present in the sediments then they are not bioavailable. It is unlikely 
iv 
that xenobiotics are important in structuring the benthic macroinvertebrate 
community in Lake Taylorville. 
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CHAPTER I 
GENERAL INTRODUCTION 
SEDIMENT TOXICITY 
Contamination of our aquatic resources has been a source of major 
concern all over the world. Oil spills, agricultural runoff, garbage disposal are 
some of the many causes of pollution in our water bodies (Burton, Jr., 1992). 
Aquatic sediments are a collection of fine, medium and coarse grain inorganic 
and organic particles found in the bottom of the lake, rivers, bays, estuaries and 
oceans. They provide a substrate for a variety of organisms which are either 
economically important or are important in the food chain (Nebeker, et. al., 1986). 
Sediments also act as a storage place for physical debris and a "sink" for a variety 
of chemicals (Burton Jr. and Scott, 1992). Field studies have provided evidence 
that sediment associated contaminants are affecting portions of the Great Lakes 
(Nalepa, et. al., 1988). Once the chemicals reach the sediments they can migrate 
to the benthic organisms and thereby enter the food-chain contaminating fish, 
wildlife and humans. Contaminated sediments are thus an important aspect of 
ecosystem assessment especially in those aquatic ecosystems where it is a major 
source of stress to ecosystem health (Landrum, et. al., 1991). 
METHODS FOR SEDIMENT TOXICITY EVALUATION 
The United States Environmental Protection Agency, (USEPA), has 
evaluated the methods currently available to asses sediment quality. The 
following review of those methods is condensed from Burton, Jr., (1992). 
2 
3 
Equilibrium Partitioning (EP) Approach 
Chemicals sorbed in the sediments achieve thermodynamic equilibrium 
between sediments and sediment pore water concentrations. At equilibrium the 
mass of the chemical present in either phase can be estimated by measuring the 
mass present in the other phase. This provides a way to predict the 
bioavailibility of non-ionic sediment contaminants. 
Apparent Effects Threshold CAETI 
Empirical data (field and laboratory) are used to identify concentrations 
of chemicals above which biological effects are always expected. Calculation of 
AET for each chemical and biological indicator is conducted by obtaining 
"matched" chemical and biological effects data on numerous field sediment 
samples, identifying "impacted" and "non-impacted" sediment sites and 
determining the AET for each chemical of interest by using the paired data sets 
for all sediment sites in a given area. 
Sediment Quality Triad Approach 
This approach typically consists of three components; bulk sediment 
chemistry, sediment toxicity information and in situ measurements of benthic 
community health. The three data components are compared on a quantitative 
basis and are normalized to "clean" reference site values by converting them to 
ratio-to-reference (RTR) values. This approach can be used for any sediment 
type and does not require a priori assumptions concerning the specific 
mechanism of interaction between organisms and toxic contaminants. 
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Bulk Sediment Toxicity Test 
For this method field samples are brought into the laboratory, where 
water and aquatic organisms are added to determine if the sediments produce 
any adverse toxic effects on growth, survival and reproduction of a variety of 
benthic organisms. Bulk sediment testing provides a direct measurement and 
integration of toxicity resulting from one or several chemicals present at a 
particular site. 
Interstitial Water Toxicity Approach 
This is a procedure for measuring the toxicity of sediment bound 
chemicals to aquatic organisms by exposing organisms to pore water extracted 
from sediments. This method assumes that the "soluble" or "free" uncomplexed 
fraction of any chemical in the pore water is the fraction most responsible for 
observed sediment toxicity. A distinct advantage of this test is that it allows for 
acute and chronic tests to be performed. 
Spiked Sediment Toxicity Test 
Toxicity of a specific chemical to one or more benthic organisms is 
measured by the addition of the chemical to test sediments at different times to 
establish cause and effect relationships in order to predict concentrations of 
specific chemicals that would be harmful to resident biota under field conditions. 
Tissue Residual Approach 
This approach was used to establish a maximum concentration of a 
chemical in sediment that will result in an acceptable concentration in aquatic 
organisms or aquatic biota. Toxic effects can be linked to organism residues by 
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direct laboratory experiments in which the exposure level and resulting 
organism tissue levels are measured. 
Freshwater Benthic Macroinvertebrate Community Structure and Function 
Approach 
This is a site specific method that relies upon naturally occurring benthic 
macroinvertebrates to determine if the sediments at a given location are 
contaminated beyond the point of being able to sustain a healthy ecosystem. The 
state of Ohio has used this approach for developing numerical biological criteria 
for state water quality standards. 
Ionic Organic Chemicals 
The assessment of sediment quality relative to ionic organic chemicals is 
not well-developed. The principal reason is that the mechanisms controlling 
bioavailibility are not well understood. 
Metals 
Total metal concentrations on sediments do not provide good estimates of 
the "free" and bioavailable fraction of the total chemicals present. Metal ions 
often are unavailable when even high metal concentrations are present on some 
sediments. 
A Tiered Assessment Strategy 
This is a conceptual method which supports current approaches for 
assessing chemical exposure and biological effects on organisms that are 
collected in stepwise (or tiered) manner. Tier I consists of developing Sediment 
Assessment Values. Tier II is the investigative tier in which a determination is 
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made whether the sediment contains chemicals in amounts toxic to aquatic 
organisms or whether chemicals with a high potential to bioaccumulate are 
below levels of concern. Tier III provides in depth testing of sediments in the 
zone of impact to confirm the significance of the chemicals to aquatic life and 
their potential to move through the food web to other organisms. This integrated 
biological and chemical sediment assessment attempts to provide a 
comprehensive approach using existing tools to evaluate the significance of 
chemicals on sediments using flexible criteria while maintaining rigid criteria. 
STUDY SITE 
Lake Taylorville is a long, narrow impoundment on the South Fork of 
Sangamon River located just south of Taylorville in Christian County, Illinois 
(Fig 1). It stretches in the North-South direction with a 30 km shoreline and is 
adjacent to residential areas, beaches, a golf course, a launching ramp and a boat 
dock. The reservoir has been in existence since 1962 and serves as the sole water 
supply for approximately 15,000 people and as an important recreational source 
for the people of Taylorville and surrounding areas. As is typical of reservoirs, 
Lake Taylorville has a high drainage area: surface area ratio (84 : 1). This 
reservoir characteristic contributes to degradation through excessive sediment 
and nutrient loading and in three decades has resulted in loss of a significant 
percentage of the original reservoir volume (USDA, 1991). 
Lake Taylorville is part of the ambient lake monitoring program, 
conducted by the Illinois Environmental Protection Agency (IEPA). An "In-lake 
parameter coverage" of Lake Taylorville was performed by the IEP A (IEP A, 
1979), which included the collection of physical-chemical data, phytoplankton, 
chlorophyll and sediment chemistry. This study showed that the reservoir 
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Figure 1. Map of Lake Taylorville watershed(modified from IEPA 1979). 
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received a very high agricultural runoff from the surrounding area. The report 
also mentions a large increase in photosynthetic activity in the months of June 
through October. Along with the determination of eutrophic conditions in the 
lake, several toxic substances were found in the lake sediments. Traces of several 
pesticides and heavy metals were found with concentrations being higher in the 
lake upstream samples than in the downstream samples (IEPA, 1979). 
The city of Taylorville is attempting to rehabilitate the reservoir. Sediment 
basins are proposed that will control inflow from 853 of the watershed (IEP A, 
1979). A baseline study on Lake Taylorville was initiated in January 1993, to 
collect data on the physical, chemical and biological aspects of the lake 
(Phipps 1994; Ensign 1994). However these studies excluded consideration of the 
benthic community. Because the IEPA (1979) reported the presence of toxic 
substances in the sediment, I believed it necessary to describe the benthic 
macroinvertebrate community and to perform interstitial water toxicity test to 
determine and measure any toxicity in the soluble form. Bulk sediment toxicity 
tests also were performed to determine adverse toxic effects, if any, that result 
from insoluble materials bound to the sediment particles. 
CHAPTER II 
STUDY OF BENTHIC MACROINVERTEBRA TE COMMUNITY 
STRUCTURE 
INTRODUCTION 
This is a qualitative and quantitative sampling of the naturally occurring benthic 
macroinvertebrate fauna which involves comparing species composition and 
relative abundance with a "clean" reference site or an assemblage that would be 
expected to be present if the sediment were not contaminated (Burton, 1992). 
MATERIALS AND METHODS 
Sample site 
For the study of macrobenthic community, samples were taken on 22 July 
1993 from 14 sites ·1n water ranging from approximately 1 - 3 m in depth (Figure 
2). These 14 sites were carefully chosen in an attempt to represent as much of 
the lake as possible. Sediment samples were taken using a Petit Ponar dredge. 
Because of the relatively small sampling area of the dredge a replicate sample 
was taken at each site. Dredge contents were then emptied into a bucket which 
was fitted with a #30 U.S. series sieve. The large particles of compacted sediment 
were broken by hand and sieving of the screen contents was accomplished with 
care to avoid flow of water over the top of the sieve. Subsequently, retained 
materials were placed in a smaller sieve to eliminate as much sediment and clay 
as possible. All the material collected on the sieve was placed into a wide 
mouthed bottle. The screen was washed again to ensure the quantitative transfer 
of material into the sample bottle. Samples were preserved with approximately 
50 mL of 37% formaldehyde. This procedure was followed for each of the two 
samples at all the 14 sites, with replicate samples pooled at each site. 
11 
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Figure 2. Map of Lake Taylorville showing location of the sampling sites. 
Numbers at the periphery indicate sampling sites for the study of 
macrobenthic community structure, while numbers in circles represen 
sampling sites for the toxicity tests (modified from IEPA 1979). 
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Laboratory processing of the samples 
Sieving: A graded series of soil sieves (#10 sieve on top and #30 sieve 
below it) was used to separate macrobenthic organisms from organic and 
inorganic debris. The contents of each sample bottle were poured on the top 
screen. A gentle stream of water was allowed to flow through the screen to 
thoroughly wash and sort materials. The upper screen materials were picked 
through for very large organisms (>3 mm) which were placed in another bottle 
labeled with the site number. The upper screen was then removed and the 
organisms which were obviously visible on the lower screen were picked by a 
pair of forceps and placed in the previously mentioned bottle. The material 
retained by the final sieve was washed into the bottle. Samples were preserved 
in a solution (!-2%) of formaldehyde. 
Flotation: Sieving was followed by flotation where the sieved material 
was poured into a liquid of relatively high specific gravity, in this case 
concentrated sugar solution (Lind 1979). Four liters of sugar solution was made 
up by adding 300 g of table sugar per 1700 mL of tap water and mixing 
thoroughly (so as to obtain specific gravity> 1.12).At this specific gravity, 
organisms float and debris sinks greatly facilitating the separation of these 
materials. A small amount of 4% formaldehyde was added to prevent 
fermentation upon storage. 
A large funnel was mounted by clamp to a stand with rubber tubing 
connected to the outlet and closed with 2 pinch clamps. The funnel was half 
filled with sugar solution and the contents of a bottle were emptied, stirred and 
allowed to settle. Most debris was deposited into the neck of the funnel. The 
rubber tubing was then squeezed in a pumping motion to set up currents which 
dislodged organisms trapped in the debris. The pinch clamps were released in 
such a manner so as to empty the settled material into one beaker and the 
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supernatant into another. The settled material was treated again in the same 
manner. The supematants were sieved again and organisms were picked up 
from the sieve and put in a bottle marked with a corresponding site number. 
This procedure was followed for samples collected from every site. 
Characterization of macroinvertebrate community 
· For each site, organisms were sorted, identified and enumerated. Total 
Density of a site (no. of organisms m-2) was calculated as follows: 
N (m-2) = C/0.048 m2 
where: 
N = total density 
C= number of individuals at that site 
0.048 m2 = 2 X the area sampled by the Petit Ponar dredge 
The Shannon Weaver Diversity Index (Shannon and Waever, 1963) as: 
where: 
s 
H' = ~ Pi (log Pi) 
i=1 
H' =species diversity 
Pi= proportion of total individuals attributable to ithspecies 
S =total number of species (species richness). 
Evenness (Pielow, 1969) was calculated as: 
J=H'/ H'max 
where: 
J= evenness 
H'max = log S. 
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RESULTS AND DISCUSSION 
The macroinvertebrate community structure (Table 10) in Lake 
Taylorville is rather depauperate (Table 1). Total density in Lake Taylorville was 
about 300 m-2 which is quite low when compared to other lakes (Okland, 1964). 
I was unable to find any similar studies determining species richness and species 
diversity. A striking feature of the macroinvertebrate community of Lake 
Taylorville is the dominance of Oligochaetes which comprise nearly half the 
entire population (Fig. 3). A characteristic feature of "healthy" lakes is a greater 
proportion of Chironomid in relation to Oligochaetes. Studies of lakes which 
have reached eutrophic state from former oligotrophic condition have shown a 
decrease in Chironomid population and increase in Oligochaete population 
(Ricker, 1952; Reimers, et. al., 1955; Beeton, 1961; Thut, 1969; Johnson and 
Brinkhurt, 1971). 
By far the most concentrated population of Oligochaetes are found in streams 
and rivers that are polluted with sewage because Oligochaetes can thrive in low 
concentrations of dissolved oxygen and may also be able to stand the complete 
absence of oxygen for extended periods (Pennak, 1953). Chironomids on the 
other hand are relatively sensitive to near anoxic concentrations (Pennak, 1953). 
Contemporary studies of Lake Taylorville (Phipps, 1994; Ensign, 1994) have 
revealed eutrophic conditions in Lake Taylorville and recorded low oxygen 
concentrations in the water close to the lake bottom. Although oxygen 
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Table 1: Benthic macroinvertebrate community parameters of Lake Taylorville. 
S =species richness, H' =species diversity, J =evenness, TD= Total 
density in numbers per square meter. 
Site# s H' J TD 
1 1 0 D( 83.3 
2 4 0.528 0.877 166 
3 1 0 <>(' 83.3 
4 3 0.477 0.79 374.9 
5 2 0.301 0.651 125 
6 2 0.196 0.651 125 
7 3 0.377 1 125 
8 1 0 o( 20.8 
9 3 0.302 0.633 895.8 
1 0 4 0.602 0.576 771 
1 1 2 0.301 I 0.7041 354 
1 2 3 0.477 0.996! 771 
1 3 3 0.477 0.79 167 
1 4 4 0.602 0.924 146 
Overall 8 0.56 0.62 300.6 
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Figure 3. Percentage of different macrobenthic organisms in Lake Taylorville 
(•indicates Chironomids; 6indicates Oligochaetes). 
• Chironornus sp. 
Brachiura 
sowerbyi 
Potarnanthus sp. 
Bivalve 
e Chaoborus sp. 
• Pentanura sp. 
A Lirnnodrilus sp. 
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concentrations of the sediments of Lake Taylorville have not been studied, there 
is a possibility that lake sediments exhibit low oxygen conditions. 
Other factors can lead to the formerly described pattern of species 
distribution. Among the Chironomids, the herbivorous and microphagous habit 
is characteristic, as is building of flimsy tube of organic detritus, algae, or small 
sand grains and silt. Such tubes are lined with a silky substance of the salivary 
secretion. The larva spins a concave net of salivary secretion across the lumen of 
the tube, and by anterior-posterior body undulations a current of water passes 
through the tube, with the result that plankton and detritus are caught by the net. 
The larva then ingests the entire net with its load of food, after which it spins 
- another net. The whole process is completed in several minutes(Pennak, 1953). I 
observed the sediments of Lake Taylorville to consists of very fine silt only and 
lacking of any granular particles or sand. This may have hindered the tube 
building process thus affecting the filter-feeding mechanism. 
The presence of toxic substances in the sediments could also result in the 
high relative proportion of Oligochaetes. The Environmental Protection Agency 
has estimated that over 400,000 tons of pesticides were used in agriculture in the 
United States in 1982 alone ( Lydy, et. al., 1990). Despite the assurance of their 
rapid degradation in the field many of these pesticides, including compounds 
such as trichloroethane, chloroform, carbon tetrachloride, benzene, methyl 
chloride and polychlorinated biphenyls have been found in ground water in 
most states east of the Mississippi River (Council of Environmental Quality, 
1981). As such, it became very important to conduct toxicity tests on the 
sediments of Lake Taylorville. 
CHAPTER III 
INTERSTITIAL WATER TOXICITY APPROACH 
INTRODUCTION 
The majority of the techniques for studying sediment toxicity use aqueous 
extracts or elutriates (Brouwer, et. al., 1990) or a solvent extract of the sediment 
(Giesy, et. al., 1988). Some tests use organisms grown directly in the sediment 
(Chapman, 1987) but these methods are time-consuming. The use of pore water 
extracted from the sediments to assess sediment quality is based on the 
assumption that pore water is at equilibrium with the surrounding sediment and 
that the aqueous phase provides a direct and important route to exposure of 
organisms to the soluble or uncomplexed fractions of any toxic chemical in the 
sediment. This procedure is adapted from methods described in the joint U.S. 
Environmental Protection Agency, U.S. Army Corps of Engineers manual for 
preparation of liquid phase marine dredge samples (Nebeker, et. al., 1984) for 
testing fresh-water samples. Use of the pore water approach has been reported 
by several authors (Burton, Jr., 1992). The interstitial water toxicity test involves 
three steps; (i) isolation of the pore water from the sediment samples, (ii) 
conducting toxicity tests with pore water, (iii) application of toxicity 
identification evaluation (TIE) procedures to pore water fractions. The last phase 
is conducted only if the results of the second phase indicate any toxicity. 
MATERIALS AND METHODS 
Sample Collection 
Samples were collected using a Petit Ponar Dredge, returned to the lab in 
tightly closed plastic containers and stored at 4oc. Toxicity tests were 
conducted within two weeks of sediment collection. Sediments were collected in 
August 1993 and in April 1994 from three sites (Figure 2) which coincided with 
22 
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sampling sites for the in-lake parameter study done in 1979 and the baseline 
study initiated in January 1993 (IEPA 1979; Phipps, 1994; Ensign; 1994). 
Preparation of elutriate 
Six Erlenmeyer flasks, two for each site were cleaned by first acid-washing 
(with 2N HCI) and then rinsing three times with MILLI-QR (deionized, distilled 
water). To each of these flasks, 150 mL of MILLI-QR were added along with 
sediment was added to bring the volume up to 200 mL. Thus, the sediment was 
diluted with water at a ratio of 1:3. The conical flasks were then set on a rotary 
shaker for 30 mins. and were stirred at medium speed. The suspensions were 
then refrigerated overnight to j>ermit settling. The liquid from the two flasks for 
each site was then decanted into an acid washed centrifuge bottle. Bottles were 
centrifuged for 15 minutes at 10,000 rpm (October 1993) or for 30 minutes at 7000 
rpm (April 1994). These supernatants were then used for toxicity tests. 
Maintenance of test organisms 
Approximately 100 gravid female D. magna were obtained from Aquatic 
Biosystems, Inc., Fort Collins Co. The organisms were identified to species, 
appeared healthy, behaved normally, fed well and had very low mortality in 
stock cultures, during holding, and in test controls. The D. magna were placed in 
1000 mL hard water and fed a Selanastrum (a unicellular green alga) and YCT 
(digested yeast cerophyll and trout chow) which were also obtained from 
Aquatic Biosystems Inc. Hard water was prepared by adding l .20g of MgS04, 
l .92g NaHC03, 0.080g KCl and l .20g of CaS04.2H20 to 20L MILLI-QR (USEP A 
1991). Feeding rates of stock, individual and experimental cultures were at rates 
suggested by the USEPA (1991). 
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Experimental set-up for acute pore water toxicity test 
Sixty gravid females were selected randomly and placed individually into 
separate 30 mL plastic medicine cups, (Solo Cup Co.Urbana IL) in order to 
provide neonates for the acute test. The rest of the gravid females were retained 
as a stock culture. To satisfy the condition of the test each gravid female had to 
produce at least four neonates for them to be used. The neonates were kept with 
their mothers in the individual cups and were used for the acute test before they 
were 24 hrs. old. Elutriate from each site and the synthetic hard water were 
placed into six similar cups. There were thus a total of 24 cups. Neonates, at 
least one each from the same female were placed in a set of cups (three 
experimental and one control). Each cup had five neonates (<24-hr-old). For 
example, cups of site lA, site 2A, site 3A, controlA each had five neonates. A set 
of four neonates from the same mother were taken and each put into one of these 
cups. Therefore only four or a multiple of four neonates from a single female 
could be used and the rest were discarded. Same procedure was followed for 
replicates "B" through "F'. This ensured maximum homogeneity within a set. 
The neonates were fed daily and the number of neonates that survived were 
recorded every 24 hrs. for 96 hrs. 
Experimental set-up for chronic pore water toxicity test 
Sixty gravid females were selected randomly from the stock culture and 
placed individually into separate 30 mL plastic medicine cup. Every 24 hrs., the 
hard water was changed and the D. magna were fed. The number of neonates 
produced was recorded and the neonates were removed to ensure that the 
females had reached at least the third brood before the chronic toxicity test was 
initiated. When a sufficient number of neonates were available form the third or 
25 
subsequent brood, they were placed in a 1000 mL beaker containing 800 mL hard 
water. The water was changed and neonates were fed every 24 hrs. 
Hard water (control) and elutriate from each site was placed into six 
separate medicine cups (30 mL in each) to make a total of 24 cups. A five day old 
D. magna from the third brood or more was placed in each cup. They were kept 
at 200C with a photoperiod of 16 hours light and 8 hrs. of darkness. After every 
24 hours another similar set of cups with freshly prepared elutriate (or hard 
water) and added food were made ready and the D. magna were transferred to 
the new cups with a dropper. Every 24 hrs. the survival of the organism and the 
number of neonates produced were recorded. This procedure continued till all 
the experimental and control D. magna either had died or produced a third 
brood. 
RESULTS AND DISCUSSION 
A two-way ANOV A, followed by Scheffe test for multiple comparisons 
(Sokal and Rohlf, 1981) was performed with the treatments and time of exposure 
as the two independent variables. For the test conducted in October, 1993, (Table 
2) the ANOVA revealed no significant difference in survival between D. magna 
exposed for 24 hrs. and for 48 hrs. (Fcalc = 1.09; df = 3,89; P > 0.05) and for 24 
hrs. and 72 hrs. (Fcalc =1.09; df = 3,89; P > 0.05), however there was a significant 
difference between those exposed for 24 hrs. and for 96 hrs. (Fcalc =38.08 df = 
3,89; P < 0.05) (Table 11). In the acute test done in April '94, there was absolutely 
no mortality and so ANOV A was unnecessary (Table 3). 
The significantly lower survival of D. magna at 96 hours in October, '93 
could be due to a lack of dissolved oxygen since the water could not be changed 
or aerated. Four distinct periods may be recognized in the life history of a 
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Cladoceran; egg, juvenile, adolescent and adult (Pennak, 1953). When a clutch of 
eggs is released into the brood chamber segmentation begins promptly; the 
young in the first juvenile instar and similar in form to the adult are released 
from the brood chamber in about 2 days (Pennak, 1953). At this stage and up to 
48 hrs. the D. magna is very sensitive to toxicants and turbidity and is well suited 
for survival tests (U.S. Army Corps., 1977 and Nebeker, et. al., 1984). It should be 
noted here that in the first 48 hrs. there was no significant difference in survival 
between the D. magna of the different sites and between the experimental and 
control in either of the experiments. 
For the chronic toxicity tests one-way ANOVA, followed by Scheffe tests 
(Sokal and Rohlf, 1981) was performed to determine significant differences 
among means of number of days to the first brood, sizes of the first, second and 
third brood. For the tests conducted in October 1993 (Table 4), no significant 
difference in the number of days to the first brood (Peale =1.67; df = 3,19; P > 
0.05; Table 12) and in the number of neonates in the first (Peale= 0.38 df = 3,18; P 
> 0.05; Table 13), second (Peale =0.67; df = 3,16; P > 0.05; Table 14) and third 
brood (Peale= 0.51; df = 3,14; P > 0.05; Table 15) between the experimental and 
control D. magna were observed. However tests conducted in April 1994, (Table 
5) revealed a significant difference in the number of days to the first brood (Peale 
=26.72; df = 3,20; P < 0.05; Table 16). The experimental individuals had their 
brood significantly sooner than the control individuals (P<0.05). There was also 
a significant difference in the size of the first brood (Peale =4.34; df = 3,18; P < 
0.05; Table 17). The experimental individuals of site three had their first brood 
significantly sooner than the control ones. There was no difference among the 
experimental and between the experimental and the control in the second (Peale 
=1.16; df = 3,18; P > 0.05; Table 18) and third brood size (Peale =0.33; df = 3,18; 
P > 0.05; Table 19). 
27 
Table 2: Results of the acute interstitial water toxicity test performed in October 
1993. Number of individuals surviving to the end of a given time 
period. 
# of neonates that survived 
24 hrs. 48 hrs. 72 hrs. ::10 nrs. 
Site 1 a 5 4 3 3 
Site 1 b 5 5 4 2 
Site 1 c 4 4 3 2 
Site 1 d 5 4 4 4 
Site 1 e 5 5 5 4 
Site 1 f 4 4 3 2 
Mean 4.67 4.33 3.67 2.83 
Site 2 a 5 4 4 3 
Site 2 b 5 5 3 2 
Site 2 c 4 4 4 2 
Site 2 d 5 3 3 3 
Site 2 e 4 4 3 3 
Site 2 f 5 5 4 2 
Mean 4.67 4.17 3.5 2.5 
Site 3 a 5 4 3 3 
Site 3 b 5 4 3 3 
Site 3 c 5 4 4 3 
Site 3 d 4 4 3 2 
Site 3 e 5 4 4 3 
Site 3 f i 4 4 3 0 
Mean 4.67 4 3.3 2.3 
Control a 4 4 4 4 
Control b 5 5 4 3 
Control c 5 3 3 2 
Control d 5 4 4 4 
Control e 4 4 4 4 
Control f 5 4 3 2 
Mean 4.67 4 3.67 3.17 
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Table 3: Results of acute interstitial water toxicity test performed in April 1994. 
Number of individuals surviving to the end of a given time period. 
# of neonotes th8t .survived 
24 hrs. 48 hrs. 72 hrs. 96 hrs. 
Site 1 a 5 5 5 5 
Site 1 b 5 5 5 5 
Site 1 c 5 5 5 5 
Site 1 d 5 5 5 5 
Site 1 e 5 5 5 5 
Site 1 f 5 5 5 5 
Site 2 a 5 5 5 5 
Site 2 b 5 5 5 5 
Site 2 c 5 5 5 5 
Site 2 d 5 5 5 5 
Site 2 e 5 5 5 5 
Site 2 f 5 5 5 5 
Site 3 a 5 5 5 5 
Site 3 b 5 5 5 5 
Site 3 c 5 5 5 5 
Site 3 d 5 5 5 5 
Site 3 e 5 5 5 5 
Site 3 f 5 5 5 5 
Control a 5 5 5 5 
Control b 5 5 5 5 
Control c 5 5 5 5 
Control d 5 5 5 5 
Control e 5 5 5 5 
Control f 5 5 5 5 
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Table 4: Results of the chronic interstitial water toxicity test done in October 
1993 showing the number of days before the first brood and the number 
of neonates in the first, second and third brood of the experimental and 
control Daphnia magna. 
#of days I# of neonates # of neonates # of neonates 
before 1 st broc in 1st brood in 2nd brood in 3rd brood 
Site t a 8 5 12 13 
Site 1 b 9 8 died 0 
Site 1 c 1 1 4 9 1 1 
Site 1 d 12 6 10 died 
Site 1 e 10 3 11 13 
Site 1 f 9 2 8 16 
Mean 9.8 4.67 8.3 8.8 
Site 2 a 8 3 1 2 24 
Site 2 b 9 6 13 15 
Site 2 c 9 1 1 14 15 
Site 2 d 1 0 3 5 9 
Site 2 e died died 0 0 
Site 2 f 1 0 4 8 11 
Mean 7.6 4.5 8.7 12.3 
Site 3 a 9 6 12 13 
Site 3 b 8 3 13 12 
Site 3 c 9 2 6 14 
Site 3 d 1 0 1 0 13 died 
Site 3 e 8 5 9 1 1 
Site 3 f 9 8 12 14 
Mean 8.8 5.7 10.8 10.7 
Control a 8 9 11 15 
Control b 12 8 1 0 12 
Control c 12 5 died 0 
Control d 9 6 10 14 
Control e 1 0 4 8 6 
Control f 11 died 0 0 
Mean 10.3 5.3 6.5 7.8 
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Table 5: Results of the chronic interstitial water toxicity test done in April 1994 
showing the number of days before the first brood and the number of 
neonates in the first, second and third brood of the experimental and 
control Daphnia magna. 
#of days before # of neonate: ~ of neonate: ~ of neonate~ 
1st brood in 1st brood in 2nd brood in 3rd brood 
Site 1 a 9 1 6 1 8 
Site 1 b 12 8 14 22 
Site 1 c 1 0 9 1 0 1 8 
Site 1 d 8 8 1 9 1 3 
Site 1 e 9 13 21 22 
Site 1 f 8 12 20 17 
Mean 9.3 8.3 15 18.3 
Site 2 a 8 9 20 1 3 
Site 2 b 9 1 3 17 21 
Site 2 c 9 1 4 1 9 22 
Site 2 d 8 8 22 21 
·-
Site 2 e 8 1 1 15 1 9 
Site 2 f 9 5 21 22 
Mean 8.5 1 0 19 19.7 
Site 3 a 8 22 1 9 21 
Site 3 b 8 1 1 1 5 1 9 
Site 3 c 8 20 1 2 20 
Site 3 d 8 1 3 1 8 1 4 
Site 3 e 8 1 8 1 6 1 9 
Site 3 f 8 1 2 1 6 22 
Mean 8 1 6 1 6 19.2 
Control a 13 8 1 5 22 
Control b 1 1 6 9 20 
Conrtol c 12 1 0, 1 5 1 9 
Control d 1 2 1 4 1 9 21 
Control e 1 3 1 2 1 8 20 
Control f 14 1 1 13 1 9 
Mean 12.5 10 .1 14.8 20.2 
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Life cycle of D. magna takes approximately 42 days for completion at 18oC and it 
gets longer at lower temperature and/or poorer food conditions (Pennak, 1953). 
The results of this experiment shows that the D. magna in the control appeared to 
have a longer life cycle. Since the temperature conditions were the same for 
experimental and control (2QOC) the difference may be attributable to difference 
in the quality of food available. Test elutriates were prepared by sieving, stirring 
and centrifugation of the sediment samples. While this eliminated most of the 
suspended matter, there could be a bacterial population in the elutriate which 
acted as a diet supplement for the experimental Daphnia. Control D. magna only 
had available those bacteria present in the YCT. 
Neither of these experiments (acute and chronic) suggest any kind of 
toxicity in the sediments of Lake Taylorville. There was no apparent effects on 
survival of <24 hr. old neonates or on the life-cycle of 5-day old D. magna. It was 
therefore necessary to perform experiments to determine if there were any 
toxicants bound to the sediment particles which were not present in the elutriate. 
The bulk sediment toxicity test done for this purpose is described in the 
following chapter. 
CHAPTER IV 
BULK SEDIMENT TOXICITY TEST 
INTRODUCTION 
Bulk sediment assays have been the method of choice for assessing the 
safety of sediments for many years. They are routinely used to evaluate the 
suitability of dredged sediments for ocean or freshwater disposal. Sediments 
from different sites are brought to the laboratory for comparison with a reference 
sediment. Water and other test organisms are added to the sediments and it is 
assumed that the chemicals act similarly on the test sediments in the laboratory 
and those in the field (Burton, Jr.,1992). Unlike the interstitial water toxicity test, 
this method provides a direct measurement of toxicity. Bulk sediment tests are 
capable of assessing the toxicity of wa~er soluble substances, as well as that of 
particles which can be less soluble and yet toxic even while remaining bound to 
the soil particles (Burton, Jr.,1992). These tests are relatively simple, inexpensive 
to perform, and it can be conducted with a wide variety of organisms and life 
stages, often with the organisms indigenous to a particular site. In this study, 
acute (survival) tests were performed on Chironomus sp. Unlike the D.aphnia 
magna these organisms are in direct contact with the sediment particles. They 
were thus very suitable for this experiment (Nebeker, et. al., 1984). However 
since the larva does not complete its entire life cycle in water, the chronic test 
could not be performed. 
Laboratory sediment toxicity tests conducted on substrates prepared from 
uncontaminated, natural sediment amended (i.e., spiked) with contaminants are 
used to judge the potential toxicity of benthic aquatic environments (Distworth 
and Schults, 1990). I performed spiked sediment toxicity test to determine 
whether or not the test organisms were sensitive. Because they were not 
obtained from a supplier they could have an inherently reduced sensitivity to 
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toxins. This was a very critical test because if the organisms are not sensitive 
then they render their use in the bulk sediment test rather meaningless. 
MATERIALS AND METHODS 
Sediment collection and preparation of reference samples 
The samples were collected in April '94 from the three sites using a Petit 
Ponar Dredge and returned to the lab in tightly closed plastic containers and 
were stored at 4oc. Toxicity tests were conducted within two weeks of 
collection. Ordinary potting soil was sieved through a US. series sieve #60 for 
use as a control. Cotton gauze was used as another reference (Borgman, et. al., 
1989a). 
Maintenance of test organisms 
Chironomids (Chironomus sp.) were collected from the primary clarifier 
and/ or the sand filter of the Charleston Wastewater Treatment Plant, Charleston 
IL. Individual organisms were obtained from a very small area and same habitat 
and were observed carefully in the laboratory to ensure that all were of the same 
species. A small amount of the sludge from the primary clarifier was poured 
into a clean white tray and placed under a fume hood. Tap water was added to 
the sample on the tray so that the substance could be spread out to facilitate the 
sorting of the test organisms. The organisms were collected using a rubber bulb 
attached to an inverted 5 mL pipette and placed in one of the three beakers 
according to size (small,< 5 mm; medium, 5-10 mm; large,> 10 mm). The entire 
process was done very gently to ensure minimum damage to the organisms. The 
sludge was handled in the same way until a large number of organisms were 
obtained (over 150 each size). Synthetic hard water(see Chapter rm was aerated 
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for three hours in effort to ensure that the organisms would not suffer from lack 
of oxygen during the experiment. Organisms were fed, (rate of feeding being 0.2 
mL Selanastrum and 0.1 mL YCT every 24 hrs.) and were maintained at 2ooc 
with a photoperiod of 16 hrs. light and 8 hrs. dark. 
Experimental set-up 
Bulk sediment toxicity test: Each test chamber was prepared by placing 5 
mL of sediment or potting soil (control) in a plastic cup and overlaying with 
synthetic hard water to achieve a final volume of 25 mL. A second control 
consisted of hard water with a cotton gauze substrate. Treatment groups 
consisted of nine test chambers. Five small, five medium or four large 
Chironomids were placed into the test chambers as illustrated in Table 6. 
Individual organisms were randomly distributed within their stipulated size 
limits. Large Chironomids were limited to four per chamber in effort to insure 
that they were not stressed due to consumption of available oxygen. 
Experimental organisms were fed at the same rate as the stock culture. 
Spiked sediment toxicity test: Serial dilutions of commercial pesticide 
"Diazinon" were made to yield pesticide spikes of 5%, 0.05%, and 0.005%. One 
mL of these solutions, when added to 5 mL of soil provided test concentrations of 
approximately 10,000, 100 and 1 ppm. Test chambers were prepared by placing 5 
mL of sieved potting soil in a medicine cup adding the pesticide spike and 
allowing the cup to sit so the toxin could be adsorbed in the soil particles 
(Ditsworth, et. al., 1990). Twenty mL of hard water was then added to the soil 
and five randomly picked "large" Chironomids were placed in each cup (Table 
6). Feeding, temperature and photoperiod were as for the bulk sediment toxicity 
test. 
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Toxicity test endpoint: 
The organisms for the "Bulk Sediment Toxicity Test" were exposed to the 
test conditions for 57 hrs. and those for the "Spiked Sediment Toxicity Test" were 
exposed to the conditions for 48 hrs. (Nebeker, et. al., 1984). At the end of the test 
period, survival of the test organisms was determined. Each cup was emptied of 
its entire contents on a U.S. series #60 sieve and held under slow running tap 
water. After the sediment had washed away the contents were washed onto a 
clean white tray by holding the sieve upside down and allowing tap water to run 
through it very slowly. The number of live Chironomids that was counted and 
recorded. 
RESULTS AND DISCUSSION 
A two-way ANOV A, followed by Scheffe test for multiple comparisons 
was performed on the results of the bulk sediment toxicity test (Table 7) with 
treatments and size classes as the two independent variables (Sokal and Rohlf, 
1981). The ANOVA revealed no significant difference in survival between 
Chironomids belonging to the different treatments (Peale = 1.43; df = 4,38; P > 
0.05; Table 20), however there was a significant difference between the 
Chironomids belonging to the different size classes (Peale =8.82; df = 2,38; P < 
0.05; Table 20). Survival of large Chironomids was significantly less than that of 
medium and small Chironomids. Similar tests have been done using 
Chironomids between second and third instar (Nebeker, et. al., 1984). In this case 
it was not possible to rear them in the laboratory. Instead different size classes 
were used in hope that the above mentioned larval stages would be included. 
Younger stages are more susceptible to toxicants (Borgman, et. al., 1989) . Yet did 
not show any significant mortality in this case. Based on the test organisms used, 
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this study clearly indicate that there was no bioavailable toxicity in the sediments 
of Lake Taylorville. Lower survival of the larger classes could be a result of 
handling rather than an effect of toxicants. 
The USEP A suggests the use of test organisms that are obtained from in-
house or commercial sources that meet the NPDES requirements (IEPA 1991). 
Feral organisms are not suggested because they may be less sensitive due to 
previous exposure to toxicants. For the bulk sediment toxicity tests, it was not 
possible to obtain the test organisms from commercial sources. Because feral 
organisms collected from the Water Treatment Plant had to be used, it was 
necessary to ensure that these organisms were not tolerant of pesticides. The 
Spiked Toxicity Test was performed to determine if the test organisms were 
sensitive to any toxins. Chironomids that were exposed to the concentrations of 
10,000 and 100 ppm showed 100% mortality and the ones exposed to 1 and 0 
(Control) ppm showed 0% mortality (Table 9). These results clearly indicate that 
the organisms used for the "Bulk Sediment Toxicity Test" were indeed sensitive 
to fairly low levels of pesticides. 
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CHAPTERV 
CONCLUSION 
43 
The science of sediment toxicology is very young. The majority of peer-
reviewed publications have been published since 1988. Early toxicity testing of 
contaminated sediments focused primarily on acute toxicity (lethality) effects of 
organisms (Burtron, et. al., 1992). The usefulness of sediment toxicity testing in 
ecological assessments is beginning to be realized in the United States, Canada, 
and many Western European countries. In Illinois, the Illinois Environmental 
Protection Agency, conducted a study of several lakes, including, Lake 
Taylorville, as part of the Ambient Lake Monitoring Program. In addition to the 
eutrophic conditions detected the sediments were found to be contaminated with 
dieldrin, chlordane and some PCBs UEP A, 1979). 
A baseline study was initiated in the January of i993 (Phipps, 1994; 
Ensign, 1994). Estimation of the physical, chemical, and biological parameters of 
the lake confirmed the findings of 1979. On two occasions a critically low 
concentration of dissolved oxygen was detected in the water close to the lake 
bottom. These studies did not include the analysis of the sediments. My 
purpose was to determine if the sediments of the lake were contaminated. A 
study of the macrobenthic community structure in the summer of 1993 suggested 
that the sediments were not sustaining a "healthy macrobenthic community". 
The lake had a very low total density of benthic macroinvertebrates. The high 
percentage of Oligochaetes and the very low percentage of Chironomids 
reflected eutrophic conditions. This pattern of community structure could be 
result of factors like low oxygen conditions, small silt grain size, or toxicity in the 
sediments. Studies were conducted to see if the sediments had any bioavailable 
toxicity that could be responsible for this kind of community structure. Pore 
water toxicity tests were performed using Daphnia magna to determine if there 
were any toxicants that would be available in the dissolved state. None of the 
chronic or acute tests revealed the presence of any toxicant. 
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Toxic substances with high partition coefficients can bind significantly to 
fine particles and settle to the bottom (Keilty, et. al., 1988). The fate of these 
compounds and their interactions with macrobenthic organisms is largely 
unknown. Compound fates depend on complex combinations of sediment 
characteristics, xenobiotic chemical and physical properties, and the activity 
patterns of the benthos (Petr, 1977). I performed bulk sediment toxicity test was 
then done to determine if there was any sediment bound toxicity. Chironomids 
used in acute tests did not show any significant effect of toxicants. Since the 
Chironomids used were from a feral source a spiked sediment toxicity test was 
performed to determine if the Chironomids were resistant to toxicants. In this 
experiment Chironomids showed sensitivity to fairly low levels of pesticides. 
Based on these studies it can therefore be concluded that the sediments of 
Lake Taylorville did not show any detectable hloavailable toxicity. The 
community structure of Lake Taylorville was not a result of toxicants present in 
the sediment. Further studies should investigate if the high proportion of 
Oligochaetes is a result of low oxygen conditions or improper grain size. 
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Table 11: Two-way ANOV A for the acute interstitial water toxicity test 
performed in October, 1993 with D.magna neonates. 
Source df Sums of Squares Mean Square F-ratio Prob 
I 
I 
I 
Treatment 3 1.45 0.48 1.09 
: 
i 
Experiment 3i 50.61 16.87 38.05 
Error 89 1 39.48 0.44 
Total 95 91.49 
Scheffe test for multiple comparison 
Pair of time-period Difference Probabillity 
I 
48 - 24 ' -0.541667 0.053709 
I 
72 - 24 
I 
-1 .1 25 0.000002 I 
I I 
72 - 48 I -0.583333 0.031792 
I 
96 - 24 
I 
-1.95833 0 I 
96 - 48 -1.41667 0 
96 - 72 -0.833333 0.000655 
0.3578 
< 0.0! 
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Table 16: One-way ANOVA for the number of days to the first brood for the 
chronic interstitial water toxicity test performed in April, 1993 with 
5-day-old D. magna .. 
Source df Sums of squares Mean square F-ratio Probability 
Treatment 3 73.5 24.5 26.73 0.0001 
Error 20 18.33 0.92 
Total 23 91.83 
Scheffe test for multiple comparison I 
Pair of treatments Difference Probability 
ONE-CONTROL -3.16667 0.000182 
THREE -CONTROL -4.5 0.000001 
THREE-ONE -1.33333 0.155756 
TWO-CONTROL -4 0.000008 
TWO-ONE -0.833333 0.530993 
TWO-THREE 0.5 0.844327 
58 
Table 17: One-way ANOV A for the size of the first brood for the chronic 
interstitial water toxicity test performed in April, 1994 with 5-day-
old D. magna .. 
Source df Sums of squares Mean sauare F-ratio Probability 
i 
Treatment I 3 140.98 46.99 4.34 0.02 
I 
Error I 1 8 194.83 10.82 l 
! 
Total I 21 335.82 
Scheffe test for multiple comparison 
Pair of treatments Difference Probability 
ONE-CONTROL -0.166667 0.999838 
THREE-CONTROL 5.83333 0.050737 
THREE-ONE 6 0.056591 
TWO-CONTROL 0.833333 0.980929 
TWO-ONE 1 0.971626 
TWO-THREE -5 0.136023 
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Table 20: Two-way ANOV A for the bulk sediment toxicity test. 
Source df Sums of squares Mean sauare F-ratio Probability 
Treatment 4 668.89 167 .22 1.43 0.24 
Size 2 2067.78 1033.89 8.82 0.0007 
Error 38 4454.44 117 .22 
Total 44 7191.11 I 
Scheffe test for multiple comparison 
Pair of size classes Difference Probability 
I 
MEDIUM - LARGE I 1 5 0.002235 I 
! 
SMALL - LARGE l 13.66671 0.005542 I 
[ I 
SMALL - MEDIUM i 
-1.333331 0.944795 I 
